Potentiation of topoisomerase inhibitor-induced DNA strand breakage and cytotoxicity by tumor necrosis factor: enhancement of topoisomerase activity as a mechanism of potentiation.
A combination of tumor necrosis factor (TNF) and the topoisomerase I inhibitor, camptothecin, or the topoisomerase II inhibitors, teniposide and amsacrine, produced dose-dependent synergistic cytotoxicity against the murine L929 fibrosarcoma cells. Similar synergy was not observed with a combination of TNF and bleomycin. To define the role of TNF in the augmentation of tumor cell killing by topoisomerase I or II inhibitors, the effect of TNF on the production of enzyme-linked DNA strand breaks induced in cells by topoisomerase inhibitors was investigated. L929 cells incubated for 1 h with the topoisomerase inhibitors contained protein-linked strand breaks. In contrast, TNF alone did not induce DNA strand breakage. However, when cells were incubated simultaneously with TNF and camptothecin, amsacrine, Adriamycin, actinomycin D, teniposide, or etoposide, increased numbers of strand breaks were produced. Preincubation of the cells with TNF for 30 min or 3 h before the addition of camptothecin or etoposide resulted in no more strand breaks than that observed in cells incubated with the drugs alone. TNF treatment of L929 cells produced a rapid and transient increase in specific activity of extractable topoisomerases I and II. These increases were maximum at 2-5 min of TNF treatment and by 30 min the activities of extractable enzymes were equal to or less than those detected in extracts from untreated cell controls. The transient nature of the increase in extractable topoisomerase activity may explain the kinetics and significance of the order of addition of TNF and inhibitors for maximal synergistic activity. These data are consistent also with a role for topoisomerase-linked DNA lesions in the TNF-mediated potentiation of killing of L929 cells by topoisomerase inhibitors.